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The western warm pools of the Atlantic and Pacific Oceans are a critical store of 16 
heat and power for the tropical climate system, such that accurately 17 
reconstructing past tropical sea surface temperatures is essential for 18 
understanding global climate history. Current low latitude Pliocene-to-recent 19 
climate reconstructions indicate that sea surface temperatures in the tropical 20 
warm pools have remained stable since the early Pliocene, despite 3-4 °C of 21 
global cooling. This is commonly thought to imply the operation of some sort of 22 
thermostatic regulation. An alternative possibility, that we explore here, is that 23 
this apparent stability is the result of the inability of certain geochemical proxy 24 
methods to accurately resolve sea surface temperatures in the Pliocene warm 25 
pool. We use both inorganic- and organic-proxies to reconstruct sea surface 26 
temperatures from the South China Sea, Caribbean and Western Equatorial 27 
Pacific. This new multi-proxy reconstruction indicates that in contrast to earlier 28 
findings, the western Pacific and western Atlantic warm pools during the 29 
Pliocene were ~2 °C warmer than today. Consequently, no thermostat 30 
mechanism limited the temperature of the warm pools of the Pliocene equatorial 31 
ocean.  32 
 33 
The Western Pacific Warm Pool, comprising the warmest surface waters (>28 °C) of 34 
the global oceans, is the main source area of heat and water vapour export to high 35 
latitudes1 (Fig. 1). Similarly, the equatorial Atlantic warm pool, although substantially 36 
smaller (Fig. 1), represents another important source of moisture and heat to the 37 
Northern Hemisphere2. Variations in the size and intensity of these warm pool 38 
regions, on intra-annual through to geological timescales, influence Walker and 39 
Hadley circulations and likely played a major role in the evolution of global climate 40 
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since at least the Pliocene, the last time the Earth was significantly warmer than 41 
today3. Both modelling and proxy-based studies suggest much greater warmth at 42 
higher latitudes during the Pliocene4. Yet, despite an expansion of the warm pools, 43 
current Pliocene to recent sea surface temperature (SST) reconstructions indicate that 44 
SSTs in these tropical regions have remained stable for at least the last 5 Myr5,6 (Fig. 45 
2c), implying the operation of some sort of thermostatic regulation7,8. Ocean 46 
thermostat hypotheses generally invoke one or a combination of evaporative feedback 47 
processes, cloud-SST feedbacks and ocean heat transport mechanisms to restrict 48 
maximum tropical ocean SSTs7,8; however, recent studies have demonstrated the 49 
concept of a strict SST upper limit to be false9,10. Although stable tropical SSTs and 50 
reduced pole-equator temperature gradients in the Pliocene may imply the existence 51 
of an ocean thermostat6,11, modelling studies and Quaternary palaeo-records12,13 52 
indicate that temperatures in the warm pool scale with both cooler and warmer global 53 
temperatures. We therefore explore an alternative hypothesis here, that Pliocene warm 54 
pool SST ‘stability’ may be the result of inherent proxy-bias11.  55 
 56 
Most Pliocene SST estimates depend on either the alkenone unsaturation temperature 57 
proxy (Uk’37) or Mg/Ca ratios in planktic foraminiferal calcite6,14. However, both of 58 
these proxy systems have significant limitations when applied to the Pliocene warm 59 
pool. An advantage of the Uk’37-SST proxy is that the values are not directly 60 
controlled by seawater chemistry15, which may vary over time. However, application 61 
of the Uk’37-SST proxy for the Pliocene is restricted, as this proxy is insensitive to 62 
temperatures >29 °C15 and is therefore incapable of resolving SSTs in the warmest 63 
ocean regions. Under these conditions, the Mg/Ca-SST proxy is more commonly 64 
applied, although this technique also suffers weaknesses, including a sensitivity to 65 
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salinity, [CO32-], dissolution, and diagenesis (see Supplementary Information for 66 
relevant references and discussion). Of particular importance on million-year 67 
timescales is the fact that accurate conversion of foraminiferal Mg/Ca ratios to SST 68 
requires secular changes in seawater composition to be taken into account (e.g. ref. 69 
16). The residence times of Mg, ~13 Myr, and Ca, ~1 Myr, in seawater imply that 70 
Mg/Casw is likely to have varied on timescales >1 Myr. Indeed, both model and proxy 71 
data suggest Mg/Casw during the Pliocene was broadly lower than today, with 72 
estimates ranging from 2.68 to 5.46 mol mol-1 compared to the modern value of 73 
5.17 mol mol-1 (refs 17-21). Correction for changes in Mg/Casw has a significant 74 
influence on reconstructions of thermal-stasis in the warm pool, yet significant debate 75 
exists about the magnitude of this correction, or even if it is required at all (e.g. refs 76 
16,22).   77 
 78 
Revised estimates of tropical warmth 79 
Here we shed new light on Plio-Pleistocene warm pool evolution, by employing a 80 
multiple SST-proxy approach at two warm pool sites: South China Sea ODP Site 81 
1143 and Caribbean Sea ODP Site 999 (Fig. 1). These sites are well suited for warm 82 
pool SST reconstruction, being located within the western Pacific Warm Pool and 83 
western Atlantic Warm Pool regions, respectively.  Furthermore, these warm pool 84 
sites exhibit little intra-annual variability today (<2.7 °C), and have deep mixed layers 85 
(>30 m), reducing the likelihood of SST proxy discrepancies due to seasonality or 86 
changes in habitat depths. We present a new TEXH86-SST record for Site 1143 and 87 
new Mg/Ca-SST data for Sites 1143 and 999 for the Pliocene to recent, and we then 88 
compare these with existing Uk’37- and Mg/Ca-SST records from the same locations23-89 
26. The TEXH86 (TetraEther index of tetraethers consisting of 86 carbon atoms) proxy 90 
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is a relatively new palaeo-SST technique and thus far has only been applied to 91 
reconstruct Pliocene SSTs in a few locations (e.g. ref. 27). In comparison with Uk’37- 92 
SST estimates, the TEXH86 proxy is not subject to a warm temperature limit until 93 
ocean temperatures exceed ~38 °C, nor does this proxy suffer from changes in ocean 94 
chemistry or preservation. The TEXH86 proxy is not without its own limitations: in 95 
particular, TEXH86-derived temperatures can reflect subsurface conditions in some 96 
settings27 and for the Eocene TEXH86-SSTs at high latitudes appear to have a high 97 
temperature bias28. However, because its limitations are very different from those of 98 
the Mg/Ca and Uk’37 proxies, TEXH86 palaeothermometry is a useful independent 99 
technique for reconstructing warm Pliocene SSTs.    100 
 101 
We find that in the southern South China Sea the Uk’37 and TEXH86 proxies yield 102 
similar SSTs throughout the Pleistocene.  Moreover, Uk’37- and TEXH86-SSTs from 103 
Holocene samples yield temperatures of ~28 °C23,29, which agree well with modern 104 
mean annual SSTs at Site 1143 (28.4 °C; WOA09)30. These observations suggest that 105 
both proxies accurately record surface water conditions during the Pleistocene, and 106 
likely also on longer timescales, in the southern South China Sea (Fig. 2; 107 
Supplementary Figure 3). Furthermore, TEXH86 may serve as an accurate SST 108 
recorder at temperatures above 29 °C, when the Uk’37 proxy becomes unresponsive.   109 
 110 
For the past ~2 Myr, South China Sea SST-reconstructions from TEXH86 and Uk’37 111 
exhibit similar absolute values, and both show a ~1-2 °C cooling trend (Fig. 2a), 112 
clearly arguing against a tropical thermostat at this site.  During the Pliocene, ~5.0 to 113 
2.6 Myr, TEXH86-SST estimates indicate even warmer conditions, varying between 114 
27.3 and 30.9 °C. This yields an overall cooling of ~2.2 °C for the Pliocene to recent 115 
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(Fig. 2a). These SSTs are slightly warmer than Uk’37-SST estimates (Fig. 2a), which 116 
remain approximately constant at ~28.8 °C. Therefore, the apparent ‘stabilisation’ of 117 
Uk’37-derived temperature at Site 1143 during the Pliocene appears to be a 118 
consequence of its temperature limit (~29 °C), rather than the operation of a 119 
thermostat. Thus, the TEXH86-and Uk’37-SST23 estimates together confirm that the 120 
southern South China Sea warm pool was ~2 °C warmer in the Pliocene relative to 121 
today, with cooling occurring from the early-mid Pliocene.   122 
 123 
In contrast to TEXH86- and Uk’37-SST estimates, Pliocene G. sacculifer Mg/Ca-SST 124 
estimates at Site 1143 are significantly cooler than today, offset by ~2.8 °C relative to 125 
TEXH86-SSTs, and remaining stable for the interval ~4.8 to 2.6 Myr, before displaying 126 
a warming trend of ~1 °C for the period 2.6 to 1.7 Myr (Fig. 2a). A high-resolution 127 
Plio-Pleistocene G. ruber Mg/Ca-SST record31 for the same site also yields cooler 128 
(>1 °C) temperatures relative to TEXH 86 and Uk’37 for the interval 3.3-2.5 Myr 129 
(Fig. 2a). For the past 1.5 Myr, however, G. sacculifer Mg/Ca-SST estimates yield 130 
similar absolute values to TEXH86- and Uk’37-SST estimates, as well as displaying a 131 
similar subtle cooling trend through this interval (Fig. 2a).  132 
 133 
At the tropical Caribbean Sea Site 999, Mg/Ca-SST estimates from surface-dwelling 134 
foraminifera G. ruber25,32 and G. sacculifer also exhibit good agreement with Uk’37–135 
SST estimates25 for the past 2 Myr (Fig. 2b). Similar to Site 1143, G. sacculifer 136 
Mg/Ca-SSTs record conditions ~1 °C cooler than those indicated by G. ruber Mg/Ca-137 
SSTs, reflecting the deeper mixed layer habitat of G. sacculifer (Fig. 2b). Prior to 138 
2.6 Myr, however, Site 999 G. ruber and G. sacculifer Mg/Ca indicate significantly 139 
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cooler Pliocene SSTs, by ~1.2 to 3 °C, than those derived from comparable Uk’37-SST 140 
records25,26 (Fig. 2b).  141 
 142 
Temporal trends in Mg/Ca- and organic-SST estimates clearly diverge during the 143 
Pliocene at Sites 1143 and 999, although it should be noted that these data do lie 144 
within calibration error (Fig. 2). In this instance, however, the determination of 145 
absolute temperature estimates is not as important as the temporal trends we 146 
reconstruct for the different proxies, which are, in each case, greater than the 147 
associated analytical uncertainty.   148 
 149 
Causes of sea surface temperature discrepancies 150 
The magnitude and direction of offsets in Pliocene Mg/Ca-SSTs relative to organic-151 
proxy estimates cannot simply be explained by seasonality. These sites are located in 152 
warm pool regions with little seasonal variability33, and today both species (G. ruber 153 
and G. sacculifer) record mean annual SSTs everywhere between 20° N and 20° S 154 
(G. ruber within ± 1 °C of mean annual SST and G. sacculifer the same or slightly 155 
cooler than G. ruber)34.  Similarly, the depth habitat of these species is unlikely to 156 
vary significantly, since both G. sacculifer and G. ruber are symbiont bearing; for 157 
both to record temperatures lower than Uk’37 would require migration out of the mixed 158 
layer, which is inconsistent with their physiology35. We also judge the influence of 159 
salinity change, [CO32-], partial dissolution and/or diagenesis to be minor (see 160 
Supplementary Information for full discussion). Instead, the similarity in the Mg/Ca 161 
records from our two widely separated sites and for both species of foraminifera, 162 
together with the observed temporal deviation from the organic proxy records, 163 
suggests a universal driver. In combination with the documented dependence of 164 
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foraminiferal Mg/Ca on Mg/Casw (e.g. ref. 36 and references therein) and the likely 165 
change of this parameter over the last 5 million years19, we suggest that the 166 
underestimation of Pliocene Mg/Ca-SST estimates in the southern South China Sea 167 
and tropical Caribbean Sea relative to organic SST proxy estimates is at least in part a 168 
consequence of lower Mg/Casw in the Pliocene. 169 
 170 
Exploring the effect of seawater Mg/Ca changes on Mg/Ca-SSTs 171 
To investigate the effect of secular changes in Mg/Casw on Pliocene Mg/Ca-SST 172 
records from warm pool regions, we adjust our Mg/Ca-SST estimates for changes in 173 
Mg/Casw (MgCaCor; following the approach of ref. 36) using a best fit of data–based 174 
estimates17,18,21,37 (DBF) and also for a variety of different Mg/Casw model predictions 175 
(FD0619, HS1238, SH9820 and WA8939; Fig. 3b, Supplementary Figure 7; for details 176 
see Supplementary Information). Adjusting foraminiferal calcite Mg/Ca values for 177 
changes in Mg/Casw raises Pliocene Mg/Ca-SST estimates at Sites 1143 and 999 by 178 
varying degrees, depending on the magnitude of Mg/Casw change in the different 179 
models/data estimates (Fig. 3b). The FD0619 correction gives the highest Mg/Ca-180 
SSTcor values, while other model estimates (HS1238, SH9820 and WA8939; Fig. 3b) 181 
and the DBF reconstruction (Fig. 3b) are lower and more similar to each other. 182 
Nonetheless, accounting for lower Mg/Casw clearly reduces the offset between 183 
Mg/Ca- and organic-SST estimates in the Pliocene. Even with the most dramatic 184 
correction Mg/Ca-SSTs are still somewhat lower (~0.8 °C relative to TEXH86-SSTs at 185 
Site 1143 with the Mg/Casw of FD0619; Fig. 3b), perhaps reflecting other 186 
environmental controls, but still display a clear cooling trend similar to TEXH86-SSTs 187 
for the past 5 Myr, albeit with a smaller magnitude. An alternative approach to using 188 
model predictions of Mg/Casw is to assume that all of the discrepancy between 189 
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TEXH86 and Mg/Ca at Site 1143 is due to Mg/Casw and generate a record of Mg/Casw 190 
through ‘back–calculating’ this parameter from paired foraminiferal Mg/Ca and 191 
TEXH86 measurements. This record gives slightly larger Mg/Casw changes than the 192 
FD0619 model but is largely consistent with the available data constraints 193 
(Supplementary Figure 8).  194 
 195 
This treatment of our SST proxy comparisons at Sites 1143 and 999 implies that not 196 
only are Uk’37-SSTs in other warm regions (>28 °C) likely to be biased to too low 197 
temperatures, but also that the Mg/Ca-SST proxy also could be underestimating SSTs 198 
during the Pliocene at other locations. We discuss the impacts of this Mg/Casw 199 
correction on other Mg/Ca records in the Supplementary Information, but focus here 200 
on ODP Site 8065, which is located in the heart of the modern Western Pacific warm 201 
pool (Fig. 1) and has Pliocene Mg/Ca-SSTs similar to or lower than Uk’37 estimates 202 
(Fig. 2c). The Mg/Casw correction increases Pliocene Mg/Ca-SSTs into consistency 203 
with the Uk’37-SST proxy (i.e. >29 °C) regardless of whether our back-calculated 204 
Mg/Casw is used or the modelled values of FD0619.  Furthermore, when corrected for 205 
Mg/Casw changes, Site 806 SSTs are ~0.7-1.8 °C warmer than the TEXH86 proxy for 206 
the southern South China Sea (Fig. 3c). The existence of this temperature gradient is 207 
also evident from the raw G. sacculifer Mg/Ca data for the two sites (Mg/Ca of 208 
~3.2 mmol mol-1 versus ~3.5 mmol mol-1; equivalent to ~1 °C difference; 209 
Supplementary Figures 12 and 13), supporting the veracity of the Mg/Casw correction. 210 
It is important to note that, whilst we have demonstrated here that secular changes in 211 
Mg/Casw has likely had dramatic implications for the Mg/Ca-SST proxy in the 212 
Pliocene, future work is required to better empirically and directly determine past 213 
variations in Mg/Casw. Moreover, it does not preclude the influence of other factors 214 
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on the Mg/Ca records from Sites 999, 1143 or elsewhere, and additional studies on 215 
the partitioning of Mg into foraminiferal calcite as a function of Mg/Casw, and further 216 
quantification of the secondary effects on Mg/Ca in foraminifer shells (e.g. salinity, 217 
diagenesis, [CO32-]) are required.   218 
 219 
Climate forcing of tropical temperatures 220 
The potential operation of a tropical thermostat for the warmest regions of the ocean 221 
can be explored by examining the response of the warm pool temperature to climate 222 
forcing over the last 5 Myr (following the approach of ref. 13).  Over the Pleistocene 223 
glacial cycles the temperature evolution of the Pacific Warm Pool is largely a function 224 
of climate forcing by CO2 and changes in global albedo due to the waxing and waning 225 
of the continental ice sheets13,40.  Given the Warm Pool SST response to climate 226 
forcing (from ice albedo and CO2) over Pleistocene glacial cycles, a Pliocene CO2 227 
range of 350 to 450 ppm25 and sea-level +10 to +30 m higher than today41, SSTs in 228 
the Pliocene at Site 1143 would be expected to be +1-2 °C compared to the modern, 229 
and at Site 806 to be +1.5-2.5 °C (Supplementary Figure 14).  Our new SST estimates 230 
suggest a ~2-3 °C warming at both sites such that Pliocene temperatures are similar to 231 
but slightly warmer than expected. This provides further evidence that there is no 232 
‘thermostatic’ control limiting SSTs in the warmest ocean regions, at least for SSTs 233 
up to 32-34 °C. 234 
 235 
These new warm pool Pliocene SST reconstructions support the view36 that pre-236 
Pleistocene Mg/Ca based SST estimates are compromised, possibly by changes in the 237 
Mg/Ca ratio of seawater, and indicate that the role of ocean warm pool regions in 238 
generating Pliocene warmth has previously5,6 been underestimated. This recognition 239 
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also resolves the discrepancy between previous SST reconstructions6,42 and the recent 240 
Pliocene Model Intercomparison Project results, which predict 2-3 °C warmer warm 241 
pool temperatures in the Pliocene than existing data.  Moreover, a ~2-3 °C warmer 242 
warm pool in the Pliocene implies no mechanism will operate to limit the degree of 243 
warmth of the equatorial ocean in coming centuries as the Earth approaches Pliocene-244 
like conditions. 245 
 246 
METHODS 247 
Sampling strategy. Sediments from Ocean Drilling Program (ODP) Site 1143 248 
(9°22ʹ′N, 113°17ʹ′E, water depth 2772 m) were divided such that ca. 10 g of each 249 
sample were used for organic biomarker analyses and the rest of the material was 250 
used for Globigerinoides sacculifer (G. sacculifer) foraminiferal calcite analyses. For 251 
ODP Site 999 (12°45’N, 78°44’W, 2828 m water depth), Globigerinoides ruber 252 
(G. ruber) trace element analyses were performed on the same sample set as those 253 
analysed for alkenones by an earlier study26 and G. sacculifer trace element analyses 254 
were carried out on the same sample set as those analysed for alkenones (and in some 255 
cases also G. ruber) by Seki et al. (2010)25.  256 
 257 
GDGT biomarker analysis. Relative glycerol dibiphytanyl glycerol tetraether 258 
(GDGT) biomarker abundances were used to derive TEX86 sea surface temperatures 259 
(SSTs). Sediments were freeze-dried and manually ground prior to extraction.	  Total 260 
lipid extracts were obtained via 24 h Soxhlet extraction using 261 
dichloromethane:methanol (2:1, v/v). Total lipid extracts were then separated into 262 
apolar (which were archived) and polar fractions using alumina column 263 
chromatography. Polar fractions were dissolved in hexane:propanol (99:1, v/v), 264 
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filtered through 0.45 µm PTFE filters, and then analysed for GDGT compounds using 265 
High Performance Liquid Chromatography/Atmospheric Pressure Chemical 266 
Ionisation-Mass Spectrometry (HPLC/APCI-MS). Filtered polar fractions were 267 
analysed at the University of Bristol using a Thermo Scientific TSQ Quantum Access 268 
equipped with Accela Autosampler, Accela Pump and Xcalibur software fitted with 269 
an Alltech Prevail Cyano column (150 mm x 2.1 mm; 3 µm stationary phase 270 
thickness). The injection volume was 20 µl in partial loop-no waste injection setting. 271 
GDGTs were eluted isocratically with 99 % A and 1 % B v/v for the first 7 min, and 272 
then a linear gradient to 1.6 % v/v B in 43 min, where A = hexane and B = iso-273 
propanol under a flow rate of 0.2 ml min-1. Detection was achieved using atmospheric 274 
pressure positive ion chemical ionisation-mass spectrometry (APCI-MS) analysis of 275 
the eluent. Specific conditions were: corona discharge current 4 µA, vaporiser 276 
temperature 355 °C, capillary temperature 280 °C and sheath gas 0.15 L min-1. Ion 277 
detection was performed in selective ion monitoring (SIM) mode with selected m/z 278 
values relating to the [M+H]+ (protonated molecular ion) of the isoprenoidal and 279 
branched GDGT analytes43. The reproducibility of the TEXH86 values was determined 280 
to be ± 0.02 (from 37 duplicate analyses, n=116), which is equivalent to ±0.62 °C44.  281 
 282 
Foraminiferal Calcite Trace Element Analysis. Mg/Ca ratios in foraminiferal 283 
calcite were used to derive Mg/Ca SSTs. Site 1143 and Site 999 G. sacculifer 284 
(without sac) samples were prepared and analysed at the University of Bristol. Site 285 
999 G. ruber (white) samples were prepared and analysed at the University of 286 
Southampton. In all cases, aliquots of the sediment assigned for foraminiferal trace 287 
element analyses were washed over a 63 µm sieve and dried. G. sacculifer (~10-20 288 
individuals) and G. ruber (120-180 individuals, of which a 7 % aliquot was assigned 289 
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for trace element analysis in this study) tests were picked from the 300-355 µm size 290 
fraction, gently crushed between two glass slides and transferred to clean vials. All 291 
planktic foraminifer samples were cleaned using established oxidative cleaning 292 
methods45, no reductive step was carried out as this is known to dissolve foraminiferal 293 
calcite46.  After cleaning, all samples were dissolved in ~0.15 M HNO3, centrifuged 294 
and transferred to a clean plastic centrifuge tube. G. sacculifer trace elements were 295 
measured using a Thermo Scientific Element 2 single collector Inductively Coupled 296 
Plasma-Mass Spectrometer (ICP-MS) at the University of Bristol, following methods 297 
outlined in Foster (2008)47. An aliquot was taken and measured for [Ca] in order to 298 
matrix-match samples and bracketing standards, and then the remaining solution was 299 
diluted to a known Ca concentration, typically 4 mmol l-1, and analysed for trace 300 
element composition. Long-term analytical reproducibility for Mg/Ca is ±1.8 % 301 
(2 s.d.) based on replicate analysis of consistency standards matched in concentration 302 
to dissolved foraminifera solutions. G. ruber trace elements were measured using a 303 
Thermo Scientific Element 2 single collector ICP-MS at the University of 304 
Southampton, following the same approach as outlined for G. sacculifer8. Final 305 
analyses were typically run at 2 mmol l-1 Ca. Over the period 2012-2013, analytical 306 
reproducibility for Mg/Ca was ±2.7 % (2 s.d.). 307 
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FIGURE CAPTIONS 470 
 471 
Figure 1: Map of mean annual ocean surface temperatures and locations of the 472 
sediment cores discussed in this paper30,48. New palaeoceanographic proxy data 473 
were generated for ODP Site 1143 (9°22ʹ′N, 113°17ʹ′E, water depth 2772 m) and ODP 474 
Site 999 (12°45’N, 78°44’W, 2828 m water depth). ODP: Ocean Drilling 475 
28
28 ODP 999ODP 1143
ODP 806
  21 
Program.  Black line indicates the 28 °C isotherm defining the ocean warm pool 476 
regions.   477 
 478 
Figure 2: Pliocene to recent warm pool SST estimates. (a) Site 1143 TEXH86-SSTs, 479 
G. sacculifer Mg/Ca-SSTs, G. ruber Mg/Ca-SSTs (ref. 31) and Uk’37-SSTs (ref. 23). 480 
(b) Site 999 G. ruber Mg/Ca-SSTs (this study and refs 25,32), G. sacculifer SSTs 481 
(this study and ref. 24) and Uk’37-SSTs (refs 25,26). (c) ODP Site 806 G. sacculifer 482 
Mg/Ca-SSTs (ref. 5) and Uk’37-SSTs (ref. 49). Thick lines, where included, indicate 483 
600 kyr running average smoothing. SST proxy error bars (to scale) include both 484 
analytical error (σAnalytical; σAnalytical = σAnalytical2/(σAnalytical2+ σCalibration2) and calibration 485 
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 487 
Figure 3: Plio-Pleistocene warm pool evolution. (a) Benthic oxygen isotope stack 488 
(ref. 50). (b) Site 1143 TEXH 86-SSTs and Mg/Ca-SSTs corrected for variable 489 
Mg/Casw (Mg/Ca-SSTcor) for both data (DBF; refs 17,18,21,37) and Mg/Casw model 490 
estimates; FD06 (ref. 19), HS12 (ref. 38), SH98 (ref. 20) and WA89 (ref. 39). (c) Site 491 
1143 TEXH 86-SSTs and Site 806 Mg/Ca-SSTs (ref. 5) corrected for variable Mg/Casw, 492 
Mg/Ca-SSTcor, using the FD06 (ref. 19) model and our back-calculated Mg/Casw 493 
curve. Thick lines indicate 600 kyr running average smoothing. SST proxy error bars, 494 
analytical (σAnalytical = σAnalytical2/(σAnalytical2+ σCalibration2) and calibration (σCalibration = 495 
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